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(so A voltage detecting device. 

© A voltage detecting device for detecting voltages 
in an object under test including an eiectro-optic 
material covering a plurality of parts of the object 
under test; the refractive index of the electro-optic 
material being variable according to an applied volt- 
age. A light source emits light through the eiectro- 
CsJ optic material toward the object under test and a 
^detecting device receives an emergent light team 
^ reflected from within the electro-optic material in 
CO order to detect voltages in the object. Further, a 
^scanning device automatically scans the object un- 
QTjder test with the light beam in order to detect 
CTvo'taaes at a ciuralitv of ; ocat;cns on the coject. 


FIG. 2 
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A VOLTAGE DETECTING DEVICE 


BACKGROUND OF THE !N\ £ NT ION 


(Field of the Invention; 

This invention relates to a v;_:tage detecting 
device fcr cetecting a voltage devE :cped at a pre- 
determined part of an object under measurement 
such as an integrated circuit, ana rcre particularly 
to a voltage cetecting device that v: '.\zez the princi- 
ple that the polarization of a tight team is changed 
by a voltage developed at a predetermined part of 
an object under test. 

-'Prior Art) 

A variety of voitage detecting devices have 
been employed for detecting a voitage developed 
at a predetermined cart of an object under mea- 
surement such as an integrated circuit. One exam- 
ple of a voltage detecting device of this type, which 
has been developed recently, detects the voltage 
of an object under test by utilizing the principle that 
the polarization of a light beam is changed by a 
voltage provided at a predetermined part of an 
object under measurement A ventage detecting 
device of this type is disclosed in Japanese Unex- 
amined Patent Application No. 13731 7 87 filed on 
May 30, 1987. 

An optical probe having an extremely small 
sectional area includes an eiectrc-optic material 
that has a refractive index that is affected by the 
voltage of an object under test. A light beam with a 
predetermined polarization component is applied to 
the electro-optic material, and variations in polariza- 
tion of the light beam caused by the change in 
refractive index of the electro-optic material is de- 
tected for measurement of a voltage developed at 
one part of the object under test. Such a device is 
shown in FIG. 1 . 

The voltage detecting device 50, as shown in 
FIG. 1, comprises an optical probe 52, a light 
source 53 for example, a laser ciode, an optical 
fiber 51 for leading the output light beam of the 
light source 53 through a condenser lens 60 to the 
optical probe 52, and a detector 55 to which a 
reference light beam REF and an emergent light 
beam SG from the optical probe 52 are applied. 

The optical probe 52 is formec from an electro- 
optic material 62 of an optically uniaxial crystal 
such as lithium tantalate (LiTa0 3 ), and has an end 


'-:on 63 taoered 'ike a truncated cone. A conduc- 
ive electrode 64 is formed cn the outer cylindrical 
.vail of the optical probe 52. A reflecting mirror 65 
cf cieiectric multi-layer film or metal film is bended 
5 x ihe top of the end portion 63. 

The optical probe 52 further includes a collima- 
tor 94 condenser lenses 95 and 96. a polarizer 54 
for extracting a light beam having a predetermined 
pciar-zation component out of the output light 
70 beams of the collimator 94. and a beam splitter 56 
that divices the output light beam of the polarizer 
54 mto the reference light beam REF and an in- 
cident light beam IN and applies an emergent light 
beam from the electro-optic material 62 to an ana- 
J5 lyzer 57. The reference light beam REF and the 
cutout light beam SG are applied through the con- 
oerser lenses 95 and 96 and the optical f iberg 58 
arc 59, respectively, to the detector 55. 

In operation, the conductive electrode 64 of the 
20 ccttca! orobe 52 is held at ground potential Under 
this condition, the end portion 63 of the optical 
crcbe 52 is placed near an object under test, for 
r.ctance an integrated circuit mot shown). As a 
result, the refractive index of the end portion 63 of 
25 the efectro-cptic material 62 in the optical probe 52 
:s changed. More specifically, in the optically un- 
cial crystal, the difference between the refractive 
index of an ordinary light beam and that of an 
extraordinary light beam in a plane perpendicular 
30 to the light-traveling direction is changed. 

The output light beam of the light source 53 is 
acpiied through the condenser lens 60 and the 
optical fiber 51 to the collimator 94. The output 
light beam of the collimator 94 is applied to the 
35 polarizer 54, where it is converted into a light beam 
having a predetermined polarization component 
and an intensity of i. The output light beam of the 
ociarizer 54 is applied through the beam splitter 56 
to the electro-optic material 62 in the optical probe 
40 52. Each of the reference light and the input light 
provioed by the beam splitter 56 has an intensity of 
I.2. 

As described above, the refractive index of the 
end portion 63 of the electro-optic material 62 is 

45 affected by the voitage of the object. Therefore, the 
incident light beam IN applied to the electro-optic 
material 62 is changed in polarization with the 
refractive index of the end portion 63 of the eiectro- 
optic material 62, and reflected by the reflecting 

so mirror 65. The reflected light beam is allowed to 
advance, as an emergent light beam, to the beam 
splitter 56. The polarization of the incident light 
beam IN changes in proportion to the difference in 
refractive index between the ordinary light beam 
and the extraordinary light beam (a light beam 


BNSDOCID: <EP. 


0299432 A2_L> 


EP 0 2S9 432 A2 


c me^r al ■■■ ■ com tne 
:ed cut to '.' 6 . totage 
caused by the vc.tage 
ue 21 \ where t is the 
:3 of the £ ■-: ctrc -c ptic 


; am is appi cci to the 


pass. eg through e.ecirc-OL 
pclauzaton H as been c~a: 
cf the test object) /.rich : 
cf the test ch ect and a v 
length of tne end portion 
material 62). 

The emergent light t 
analyzer 57 by the beam splitter 56. The intensity 
cf the emergent light team applied to the analyzer 
57 is reduced tc 14 by the ceam splitter 56. In the 
case where the analyzer 57 is designee to transmit 
only a -ight beam having a polarization component 
perpend:cu:ar to the polarization component of the 
eclarizer 54, me intensity 1.4 of the emergent !:ght 
oeam app tea to the analyzer 57 is converted into 
(1/4) sin^ [(rr.'2>\AV c )] (where V is the voltage of the 
object uncer test, and V 0 is the half-wave voltage 
oy the analyzer. 

The intensity (i/4) • sin 2 [itt 2;V V- ] of the 
emergent tight beam SG cnanges with 'he refrac- 
tive index of the end portion 63 of the e:ectro-cptic 
material 62 which changes with the voltage of the 
object. Therefore, the detector 55 can cetect the 
voltage provided at the predetermmec part of the 
test object, such as an integrated circuit. 

As described above, w : th the voltage detecting 
cevice 50 shown in FIG. 1, a voltage provided at a 
predetermined part of an object under test is de- 
tected from the change in refractive lnce> cf the 
end portion 63 of the eiectro-cptic material 62 
caused by placing the end portion 63 near the 
predetermined part of the object. Therefore, in the 
case where it is difficult to bring the optical probe 
into contact with a small cart of an obect under 
*est, such as an integrated circuit, or whore touch- 
ing the te st object with the optical p roue may 
adversely affect the detection of the voltage, the 
vcltage can be positively detected with the optica! 
prcoe set opart term the object. 

If a pulse light source such as a .user diode 
cutputing a puise light beam having an extremely 
small pulse width is employed as the light source 
53 to detect high-speed voltage changes in the 
object under test when sampled at extremely short 
*ime intervals, or if a CW ( Continuous-Wave) hght 
source is employed as the light source 53 wmie a 
high-speed response detector such as a streak 
camera is used as the detector 55 so that high- 
speed vcltage changes of the object may be mea- 
sured with high time resolution, then high-speed 
voltage changes can be cetected with high accu- 
se y. 
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SUMMARY OF 7\-ii INVENTION 


An cbject of the present invention is a vcitage 
Jetecting device that can readily detect voltages at 
a plurality of points cf an ct: /Ct under test. 

Another object of the present invention is a 
voltage detecting device having improved spatial 
resolution to enable the detection of voltages in an 
object under test with high accuracy. 

A further cbject of the resent invention is a 
voltage detecting device teat can simultaneously 
cetect voltages at a plurai ty of twc-dimensicnal 
parts of an cbject under test. 

In order to achieve the foregoing and other 
objects, the voltage detecting cevice of the present 
invention comprises: an electro-optic material 
adapted to be disposed to cover a plurality of parts 
of the object under test, saio electrc-optic material 
having a refractive index that vanes according to a 
voltage applied thereto, a lie; tc t source for emitting a 
'ight team through said e : ectr*o-cptic material to- 
ward the object under test: detecting means for 
receiving an emergent light beam reflected from 
within said eleotro-ootic ma Tr rial for detecting vol- 
tages in the object under test, and scanning moans 
for scanning said 'ight beam emitted by said light 
source over a plurality of rcints on said electro- 
optic material so as to deter t ventages at the plural- 
ity of parts of the object u- • • r test. 


BRIEF DESCRIPTION CF THE DRAWINGS 


The manner by which me above objects and 
other objects, features, and advantages of the 
present invention are attained will oe fully apparent 
from the foilcwmc detailed oc sc l t on when con- 
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FIG. 2 g :.n [' ustraticn cf an emccd'^ent :f 
a ■.iltage cletecnng cevice according to the p'eseni 
invention; 

FIG. 3 is sn expansion/ diagram of an 
etectro-cctic material scanning method performed 
by the /cltage detecting device of the present 
invention; 

FIG. 4 is an illustration of a modification cf 
the voltage-detecting device of the present inven- 
tion; 

FIG. 5 is an illustration of another embodi- 
ment cf a voltage detecting device according to the 
present ; n v e n t \ o n ; 

FIG. 6 is an illustration of further emboci- 

~t _ .^t*--,- - * . - r-Hnrs r<Vwiro -o^-rHinn t<~. the 
tilCItt '-'I Li 'VUL- tj r v v, — - • ' ~ w — - _ - - 

present invention which em: ploys a pulse light 
source anc a t ,vc-d:mensicnal detector; 

FIG. 7 is an illustration of a streak camera as 
used in the voltage detecting device of FIG. 6; 

FIG. 8 ;s an illustration of a voltage-detecting 
device according *o the present invention which 
displays me distribution of voltages provided at 
twc-dime nsional parts of an object under test m 
superposition .vith tne wiring pattern of the object; 

FIGS. 9fa) and 9(b) are explanatory dia- 
grams showing the distributions of voltage detected 
at different sampling times as displayed by the 
vcltage detecting device of FIG. 8; 

FIG. 10 -s an illustration of still further em- 
bodiment cf a voltage detecting device according 
to the present invention; 

FIG. 11 is an illustration of stiii further em- 
bedment of a voyage detecting device according 
to the present invention; 

FIG. 12 is an illustration of still further em- 
bodiment of a voitage detecting device according 
to the present invention; and 

FIG. 13 is an illustration of still further em- 
bodiment of a voltage detecting device according 
to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 


In a vcltage detecting device provided accord- 
ing to the present invention, an electro-optic ma- 
terial may be placed to cover a plurality of parts or 
locations of an object under measurement to detect 
the voltages at those parts or locations. A light 
beam emitted from a light source is uniformly 
applied as parallel rays of light to parts or locations 
of the electro-optic material which correspond in 
position to the plurality of two-dimensional parts or 
locations of the object, and variations in the po- 
larization of emergent rays of light from the two- 
dimensicnal pans of the electrc-optic material are 
detected with a detector. 


A voitace detecting device providec according 
to ar'.other a^cect of tne present invention com- 
pr.ses an itservmg light source for cutoutmg a 
light team deferent m /vave'ength from the above- 

= described light scurce -pulse light source) for use 
in observing a wtrmg pattern of the object under 
test. Switching means apply one of the tight beams 
cutputted by the observing light scurce and the 
pulge light scurce to the electro-cptic material and 

-0 when the wiring pattern of the object is observed, 
phase compensating means adjusts the phase of 
the emergent rays of ; ight so as to be different 
from that wh.rh is prevdeo when rhe variations in 
polarization of the emergent rays of light are de- 

fC *ec + ed a Hisp'ay r-np^rs ^ispiavs the voitaoes of 
the two-dimensional parts of the object which are 
measured from the variations in polarization of the 
emergent rays of light, ;n superposition with the 
wiring pattern of the object that is observed with 

j c the detector, and vanaO'e delay means shift the 
timing of appiication of the <ight oeam from the 
pulse light source to the electro-cptic material, for 
the purpose of measuring, in a sampling mode, the 
variation of me voltages provided at the two-dimen- 

J5 sional parts cf the object. 

in the voltage detecting device of the present 
invention, the electro-optic material is first posi- 
tioned to cover a plurality of parts of an object 
under test, the voltages of which should be de- 

30 tected. and the electro-optic material is scanned 
with a light beam in such a manner that the light 
beam is applied to the parts of the electro-optic 
material which correspond in position to the plural- 
ity of parts of the object. The electro-optic material 

35 scanning operation may be achieved by deflecting 
the light beam with movable mirrors or acousto- 
cptical reflectors, or by moving the electro-cptic 
material and the object. The voltages of the plural- 
ity of parts of the object can be readily detected 

40 from the variations in polarization of emergent light 
beams from the parts of the electro-optic material. 
Furthermore, the light beam can be applied to the 
electro-optic material while being focused thereon. 
Therefore, the device of the invention provides high 

-5 spatial resolution, and can detect voltages with high 
accuracy. 

The output light beam of the light source may 
also be applied by means of a micro-lens array, 
holographic lens, or spatial light modulator, as in- 

50 cident rays of light arranged in a desired pattern, to 
the parts of the electro-optic material which cor- 
respond in position to the predetermined parts of 
the object. In this operation the refractive indexes 
of the parts of the electro-optic material have been 

55 changed by the voltages provided at the corre- 
sponding pans of the object. Therefore, the in- 
cident rays of light applied to the parts of the 
electro-optic material are changed in polarization 
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oy trie var at; ens in refractive -"cex of me parts cf 
the e iectrc -c piic material, and are cutct.tted, as 
emergent -ays of light, 'rem the electrc-cptic ma- 
tonal. These emergent rays cf cnt are acplied to 
the detector, such as a two-dimensional 
phctocetector or streak cameta, and the voltages 
provided at the predetermined parts, such as two- 
dimensional parts, of the ctject can be simulta- 
neously detected with the detector. 

As a further aspect of :ne voltage detecting 
device prcv ded according to the present invention, 
voltages provided at two-dimensional parts of the 
object uncer test are displayed in superposition 
with the wiring pattern of the ctject. For this pur- 
pose, in order to observe the wiring pattern of the 
object, a switching means is operated so that the 
output light beam of the observing light source is 
applied to the electro-optic material, and the phase 
of the em.ergent rays of light is acjusted for ob- 
servation by the phase compensating means. As a 
resuit, the light beam from the observing light 
source is applied, as parallel rays of tight, to the 
electro-optic material. The parallel rays of light 
reach the surface of the object through the eiectro- 
cptic material. A dielectric multi-layer film mirror, 
which reflects the output light team of the pulse 
light source more strongly than the output light 
team of the observing light source, is formed on 
the bottom surface of the eiectro-cptic material. 
Some of the parallel rays cf light applied to the 
surface of the object are reflected by the wiring 
pattern of the cbject and outputted, as emergent 
rays of light, from the electro-optic material. The 
emergent rays of light from the electro-optic ma- 
teria! are applied through the phase compensating 
means to the two-dimensional detector, where they 
are detected as visible image data of the wiring 
cattern of the object. 

After ;ne visioie image cata of the wiring pat- 
tern of the object has been cetected in this man- 
ner, in order to detect the voltages of the two- 
d mensional parts of the object, the switching 
means is operated so that the output light beam of 
the pulge light source is applied to the electro-optic 
material, and the phase of ;he emergent rays of 
light is acjusted for voltage detection by the phase 
compensating means. In this case, the operation of 
the object must be in synchronization with the 
pulse light beam. As a result, the voltages of the 
two-dimensional parts of the object at one sampling 
time instant are detected. Thereafter, the display 
means displays on a disolay unit, or the like, the 


ceiay means, so that t n e -.-c stages of \re twe- 
cimensicnai parts of the object are cetected at the 
time instant that occurs somewhat after the preced- 
ing sampling time instart. and are displayed by the 
f oispiay means. Thus, the variations of the .■oitages 
at the two-dimensional parts of the object can be 
observed on the disolay screen in such a manner 
that they are sucerimpesec cr. the wiring pattern of 
the object 

w In the voltage detecting device 1, as shown in 

FIG. 2, an electro-optic material 2 is held near or in 
contact with an cbject 3 under test, e.g., an in- 
tegrated circuit. The eiectro-cptic material 2 is 
shaped like a elate or a prism, and its section is 

■5 much larger than the section of the electro-optic 
material 62 in the optical probe 52 of the voltage 
detector 50 shewn in FIG. 1. Thus, the material 2 is 
large enough to cover plurality of measurement 
points on the cbject 3. A reflecting mirror 8 of a 

20 metal or dielectric multi-layer film is formed on the 
bottom surface of the electro-optic material 2. In 
the case where the refecting mirror 8 is a metal 
film, the measurement shouid be carried out with 
the reflecting mirror spaced away from the object 3 

25 or with an insulating material (not shown) inter- 
posed between the reflecting mirror and the object 
3. 

The voltage detecting device 1 includes a tight 
source 53, a polarizer 4 for otracting a light beam 

jo having a predetermined polarization component 
from the output light of the light source 53, two 
movable mirrors 5 and 6 for guiding the extracted, 
polarized light beam, and a beam splitter 7 for 
aopiying the light beam to the electro-optic material 

?5 2. as an incident light beam, and for splitting an 
emergent light beam from the electro-optic material 
2,. The device also includes an analyzer 9 for 
extracting a light beam having a predetermined 
polarization component from the emergent light 

40 beam which has been reflected by the beam split- 
ter 7 and changed in polarization, and a detector 
10 to which an emergent ! ight beam from the 
analyzer 9 is applied. 

In the case where the light source 53 is a pulse 

-J5 iight source, a photo-electric conversion element is 
utilized as the detector 10 to sample the -ntensity 
of the emergent light beam from the electro-optic 
material 2 to detect the voltage of the object under 
test, in the ca^e where a CW light source is used 

so as the light source 53, a high-speed response 
detector such as a streak camera for observing the 
■ntensity of the emergent ght beam as a streak 
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cceratic m 

In me above- -descnced voitage detecting de- 
v:ce. the electro-: ctic material 2 :s large enough to 
cover a ciurality of measurement points 'positions) 
on the object 3. In orcer to sequentially detect 
voltages provided at the plurality of measurement 
points on the cbtect 3, the incident light beam is 
allowed to scan 'he electro-optic material 2 in the 
direction of tre X-axis and m the direction of the Y- 
axts as shewn m FIG. 3 while being focused on the 
object. 

The movable- mirror 5 is provided to scan the 

3 xis and the movable nrvrror 6 is creviced to scan 

axis. Mere specifically, when it is detet mined by 
the ccmouter 11 that a voltage at a measurement 
point on the object 3 has been cetectec, the mov- 
able mirrors 5 and 6 are driven by a drive circuit 
13 uncer control of the computer 11 so that the 
incident : <ght beam scans the e-ectro-cptic material 
in the erection of the X-axis and in the direction of 
the Y-axis. 

It is assumed that first the movable mirrors 5 
and 6 are so positioned that the incident light beam 
is applied to a ooint fx-, yo on the electrc-ootic 
material as shown in FiG. 2. The refractive index of 
the part of the elprtro-ootio material 2 which cor- 
responds to the coint f><, y-) is chanced by the 
voitage of the ct.ect which is developed just below 
the pemt fx- . y- ). Therefore, the incident light 
beam applied to the pomt (xi , y-) is changed in 
polarization in accordance with the change m re- 
fractive trdex, and is then reflected by the reflect- 
ing mirror 8 so that it is applied, as an emergent 
light from the eiectro-optic material 2, to the oeam 
solitter 7. The lignt beam is further applied through 
the analyzer 9 to the detector 10. The detector 10 
detects a voltage provided at the part of the object 
3 which is located just below the point (x> , y-j on 
the electro-optic material 2, and sends the voltage 
value to the computer 1 1 . In the computer 11, the 
voitage value is processed and stored in a memory 
(not shown). 

In order to detect a voltage provided at the part 
of the object 3 which is located ust be;!ow the next 
scanning point on the electro-optic material 2, the 
computer 11 controls the drive circuit 13 to change 
the position of the movable mirror 5. As a result, 
the movable mirror 5 is moved in the direction of 
the X-axis so that the incident light beam is applied 
to the next scanning point on the electro-optic 
material 2, and the voltage detection operation is 
carried out in the same manner. 

The movable mirror 5 is further repositioned in 
the direction of the X-axis until the incident light 
beam is applied to a point fx n , yO on the electro- 
optic material 2. When a voitage developed at the 


part ;f the reject 3 Ahich 'S orated ust ee'cw the 
point fx n , y-i is detected, me computer n controls 
the or; ,e circuit 13 to charge the a cs; tiers of 
mcvab : e mirrors 5 arc 6 so that the eiectro-optic 

5 materal 2 ts scanned m tne direction of tne X-axis 
at a oosition y; on the Y-axis As a result, the 
movable mirror 6 is positioned to hold the incident 
light oeam at the position y- and the movable 
mirror 5 is moved to scan the incident light beam 

w at positions x- through x n successively. The volt- 
age detection operation is earned out >n the same 
manner for the positions (x-.y;) through (x n , y:). 

1 1 c mirror \j i g g v e n i u a i < y m oved tc h 
incident ! ight beam at a position Yro on the Y-axis, 

*5 ar.d the merer 6 scans the incident ':ght beam 
throuoh positions x< through x~, successively, so 
that vcitages developed at the carts of the object 
-vhich are located just below the points (x- , y m ) 
through fx n , y^) on the eiectro-ootic material 2-are 

20 detected. Thus, the voltages at a plurality c* parts 
of the object can be detected. At the end of the 
.'oitage detection the detected voltage levels are 
stored in the memory of the computer 11 to be 
; ater displayed on the display unit 12. 

as As is apparent fcrm the above description, in 

the first example of the voltage detecting device of 
the invention, the eiectro-optic material 2 is fixedly 
held as it is scanned with the light beam so that 
the voltages developed at a number of carts of the 

30 object are detected. 

FIG. 4 shows a modification of the voltage 
detecting device 1 shown in FIG. 2. In the voltage 
detecting device 20 shown in FIG. 4, as in the 
voltage detecting device 1 cf FIG. 2, the electro- 

35 optic material 2 is stationary; however, It should be 
noted that the device 20 is different from the de- 
vice 1 tn that the device 20 employs acousto- 
optical deflectors 21 and 22 instead of the movable 
mirrors 5 and 6 'FIG. 2). The acoustc-optical de- 

40 (Sectors 21 and 22 are driven by a drive circuit 23, 
which is controlled by a computer 11, to deflect the 
! ight beam in the direction of the X-axis and in the 
direction of the Y-axis, respectively. 

As tn the voltage detecting device i shown in 

45 FIG. 2, the light beam is caused to scan the 
electro-optic material 2 in the direction of the X- 
axis and in the direction of the /-axis while being 
focused thereon, so that voltages provided at a 
number of parts of the object 3 under test are 

so detected. 

FIG. 5 is an explanatory diagram showing the 
arrangement of a second example of the voltage 
detecting device according to the present inven- 
tion. In FIG. 5. these components which have been. 

55 previously described with reference to FiG. 2 or 4 
are similarly numbered. In the voltage detecting 
device of FIG. 5. the output light beam of the light 
source 53 is not deflected; instead, the electro- 
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eet;^ ma:eral 2 and toe eject 3 u'.'-'r test are 
r:vec : n tne cirectior, the >.-n- r- ana in *he 
direct cm of the Y-axis so that the o ectrc-cptic 
materia. 2 is scanned th the -get team. T hat s, 'he 
. c'tace detecting- device c* FIG. 5 tnc c ,s none of 
:he m:\abie mirrors 5 anc 6 or trie ace ^ etc-cp ticai 
defec:crs 21 and 22. Instead, the cn.c circuit 31. 
which : s controlled by the corr.puter i 1 , drives 
mctor tacies 32 and 33 hicn rr.cve me; object 3 
u^cer T est respectively .n the direction cf tne X-axis 
and m the direction of the /-axis. 

In the vcitage detect m-j device 3C. f e electro- 
oretic material 2 and the ' : c-ct 3 are mc.<ed in the 
direction of the X-axis anc m the c;:e <:'••.„ < of the i~ 
axis, so that voltages cY.eicced at a - umber of 
parts e* tne object 3 are detected suce c :sivefy. In 
the above:- described vcitage detects g device 30. 
both tee c-lectrc-cptic mau.nal and the v. eject 3 are 
moved, however, the same effect can \_*. obtained 
by moving only the object 3. 

As described above, in the fi-st •; r second 
emcociment or the voltage detect. ng ce - tee of the 
invention, the lignt beam is applied to the electro- 
cptic material while being focused there en, and the 
light beam is deflected by means of the movable 
mirrors 5 and 6 or the accusto-cptical reflectors 21 
and 22, or the electro-optic material 2 and the 
cbject 3 are moved without deflection cf the light 
beam, so that the electro-optic material 2 is 
scanned with the light ceam to detect the voltages 
at a piura.ity of parts of the object 3. 

tn the above-described voltage detecting de- 
vices, the electro-opttc material is scanned, in its 
entirety, in the direction of the /-a>:;s and in the 
c : recticn of tne Y-axis. However, in the case where 
the parts of an object 3 to ce scanned 'o determine 
the voltages are predetermined, the following meth- 
od may be employed: The positic ns cf the parts of 
me object 3 are stored in memory in tne computer 
11 in advance, and the light beam is applied to the 
parts of the electro-optic material 2 which cor- 
respond to the stored parts of the ct.ect 3. 

The voltages provided at a plurality of parts of 
tne ce ; ect can also be ejected with higher accu- 
racy by l; sing tne following method. The light beam 
from the light source 53. ;dter being reflected from 
the beam spitter 7. is received, as a reference light 
beam, by a photo-detector and converted into a 
vcitage. The vcitage is stored in the computer 11 
and compared with a signal provided by an emer- 
gent light beam from the olectro-eptic material to 
e or met for fluctuations n intensity of the light 

-.- ,r~'-> 53. 


.'ce 1 me lees e 'e ctrc-eptic m atena, 2 re ; a c:cse 
to or sn remaci .vith an ob.ee: 3 -_r.de r measure- 
ment. T: _ e e lectrc-optic material 2 is large enough 
to never a plurality cf two-c;m.enticnaI p arts >.or 
5 points, cf the object 3. A reflecting m.rrcr £ made 
cf a meta! or a dielectric mu'tilayer fern is termed 
en the bottom surface cf the electro-cptic m.aterial 

The vcitage detecting device 1 'urther com- 

m crises a culse light scurce 1 04 for emitting a light 
beam witn an extremely shcrt pulse viath, variable 
oelay means 105 for variably delaying the eutput 
■ight beam of the Dulse light source 104, an enlarg- 
ng optical system 106 for two-cimensionally en- 

m arcing the light beam delved cy the variable 
oeiay means into parallel rays of light, and a polar- 
:zer 107 'or extracting a predetermined polarization 
Lompcnunt from the parallel light beams. A oeam 
splitter 1i0 applies the parallel rays of light to the 

20 electro-optic material 2 and appiies a part of the 
ight beam to an image-forming optical system 109 
•or voltage detection, bight retlected from the re- 
jecting mirror 8 formed on the bottom surface of 
tne electrc-optic materiaf 2 passes through the 

25 -mage forming optical system 109 to a phase com- 
pensator 111 for adjusting the phase of an emer- 
gent light beam from the image forming optical 
system 109. An analyzer 112 transmits only a light 
team having a predetermined polarization compo- 

30 "sent, which is selected cut of the emergent light 
eeam that has been phase-adjusted by the phase 
compensator 111. A detector 113 receives the 
emergent 'ight beam from the analyzer 1 12. 

As described above, the parallel rays of light 

35 applied to the electro-optic material 2 are two- 
cimensionally spread by means of the enlarging 
optical system 106. That is, they are applied to the 
electro-optic material 2 with uniform distribution, 
ana the e *ectro-optic material 2 is large enough to 

40 cover a plurality of two dimensional parts of the 
object 3. The parallel rays of light applied to the 
electrc-optic material 2 with uniform distribution are 
changed in polarization with changes in the refrac- 
t ve indexes of the two-dimensional parts of the 
o icctro-octic material 2. which correspond in posi- 
ecn to the two-dimensicnaf parts of the object 3. 
The reflected parallel rays of light emerge as rays 
of light (hereinafter referred to as "an emergent 
light beam", when applicable) from the electro- 

50 opttc material 2. That is, the emergent rays of light 
from the electro-optic material 2 are equal : n the 
a-ea of distribution :o the incident parallel rays of 
lif-ht id" y r^i^aher 'pd^-rmd m r : s "p. rarrj'e-l 'icjht 
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tion component of the emergent light team ex- 
tracted by the analyzer 112 to form a p-c-dotcr- 
mined angle a ith the polarization component of t he- 
parallel light team extracted by the polarizer 1G7. 
Fcr instance, the phase compensator 1 1 1 can 
make the polarization component of the emergent 
light beam e/t r acted by the analyzer 112 parai'el to 
or pendicuiar to that of the parallel light beam 
extracted by the polarizer 107. 

The detector 113 is a two-dimensional detector 
such as a CCD camera, photo-diode array or vidi- 

L'Jll [ „aillCtC. I I C (JClCLlyl I 1 O Utltui Li < t- h:iLiiohv 

of an emeroent : 'ight beam from the analyzer 112 
3 o that /c !ta g e o provided at tw coimcnsicna! par's 
of an object 3 under test are simultaneously de- 
tected from the changes in refractive index of the 
corresponding parts of the electro-optic materia! 2. 

In the case where the oulse light source 1C4 
and the two-dimensions! detector 113 arc used :n 
combination, vc Itages at two-dimensional parts of 
an object 3 under test must chance periodically m 
synchronization with the light pulse. The light beam, 
emitted from the pulse light source 104 is split by 
the beam splitter 117 into two parts: one of the two 
parts is apolied to the variable delay circuit 105 for 
the purpose of sampling measurement, whereas 
the other is applied to a detector 118 where it ts 
subjected to photo-electric conversion. 

The output signal of the detector 1 18 is apolied 
through a trigger circuit 119 to a drive circuit 129 
so that the ooject 3 under test is operated periodi- 
cally in synchronization with the light pulse. That is, 
voltages, which change repeatedly, are detected by 
sampling. This sampling operation is carried out by 
gradually delaying the output light beam of the 
pulse light source 1 04 with the variable delay 
means 105 that is controlled by a computer 114. 
The voltages at the two-dimensional parts of the 
object 3 are detected by the detector 1 13 with 
predetermined timing, and are then processed by 
the computer 114. The values of the voltages thus 
processed are stored in a memory (not shown). At 
the same time, the computer 114 controls the drive 
circuit 115 to drive the variable delay means 105 to 
delay the light beam from the pulse light source 
1 04, where y the sampling timing is somewhat 
shifted- Thus, the variations of the voltages at the 
two-dimensional parts of the object 3 under test 
can be detected. 

In the voltage detecting device 1 thus orga- 
nized, first the phase compensator 1 1 1 is adjusted 
so that the polarization component of the emergent 
rays of light extracted by the anaiyzer 112 is per- 
pendicular to the polarization component of the 
parallel rays of light extracted by the polarizer 107. 
Therefore, when the emergent rays of light from 
the electro-optic material 2 are the same in po- 


: ar ! zatic n as *he c -?u a 'e ' r ay s of ic n t a cp ! ied * a me 
c : ec:rc-c tic material 2 <,vhen no vcitage is ar. pued 
:o :he e : ». ctro-cptic matenal 2}. no emergent :ays of 
J-ght will pass thrcugh the analyzer 112. After the 
5 ohase compensator 111 has been adjusted in this 
manner, .-oitages at the twc-otmensional parts of 
the object are detected. 

As described above, the electro-cptic material 

2 is large enough to cover the two-dimensional 
io carts of the object 3 under test. Therefore, the 

refractive indexes of the local parts of the eiectro- 
cptic material 2 which correspond in position to the 
i w c - d i n 1 c ' . s i c n a < p ^ r . o of i h e oroject 3- d r e changed 
Oy the .'<: itages provided at the two-dimensional 

of light aoplied uniformly to the electro-optic ma- 
;enal 2 are changed in polarization by the vari- 
ations :n refractive index of the two-dimensional 
parts of the electrc-cptic material 2 which cor- 
zo ''" Spend to the twe-c^mcms'ona! parts of the no^ect 

3 under test, and are outputtec as emergent rays 
of ! ight from the electro-cctic material 2 

The emergent rays of light are applied through 
:he beam splitter 110 and the image-forming op- 

25 t'cal system 109 to the phase compensator 111 
A-here they are subjected to phase adjustment. The 
emergent rays of !:ght thus processed are applied 
to the anaiyzer 112. The phase compensator 1 1 1 is 
adjusted so that the anaiyzer 112 transmits only 

30 the iight beam whose polarization component is 
perpendicular to the polarization component of the 
pofarizer 107. Therefore, the emergent rays of light 
applied to the analyzer 112 are made proportional 
n intensity to sin : 2)«V,j V c ] by the analyzer 

35 112, and are then applied to the detector 113. in 
the expression. V,, is the voltage developed in the 
two-dimensional position of a part of the object 3 
under test, and Vo is the half-wave voltage pro- 
vided at the part. 

As is apparent from the above description, the 
emergent rays of light are affected by the vari- 
ations m refractive index of the two-dimensional 
carts of the electro-optic material 2 which are caus- 
ed by the variations in voltage of the corresponding 

-5 two-dimensional parts of the object 3 under test. 
Accordingly, voltages provided at two-dimensional 
parts of an object 3 under test can be simulta- 
neously detected by the detector 1 13. 

When the voltages of the two-dimensional parts 

so of the object 3 are detected by the detector 113, 
the results of detection are stored in memory in the 
computer 114. In order to detect voltages with the 
following timing, the computer 1 1 4 controls the 
drive circuit 115 to drive the variable delay means 

55 105, as a result of which the output light beam of 
the pulse light source 104 is delayed as required. 
That is, the sampling timing is somewhat shifted 
and the voltage detecting operation is carried out in 
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the same manner. The .anaticns .n /outage ^* the 
carts of the ocject 3 a:c ^easuree r the sam. mg 
-ede as describee au^.e. The mca ts or rea.^ ..re- 
".en! are stated ; n mccry m t n .e cc-mputer t14 
When the measummert : s carried ;u: far a ca "air. 
period cf time, the ccmouter 114 causes the dis- 
play unit 116 to display the results cf measure- 
ment. Thus, the voltage detecting operation cf the 
cevice is accomplished 

In the voltage detect. ng device 1 of FIG. G. the 
pulse light scarce 104 and the two-cimer.Sio nal 
detector 113, such as a CCD camera, photc-d ode 
array, or viciccn came a. are used in combination 
to detect the vc ! tages ::y sampling which change 
p or iodically at two-d ; mt r s cnal paits cf an obj' ct 3 
under test. However, tha voltage detecting dev ce 1 
cannot detect the vclUce which cces not change 
periodtcatiy. 

FiG. 7 is an explanatory diagram outlining the 
arrangement of a part cf a voltage detecting device 
that uses a streak camera to cetect voltages at 
two-dimensional parts cf an object under test. 

In the voltage detecting device 120 of FIG. 7, 
instead of the two-dimensional cetector 113 'FIG. 
6) a bundle of optical fibers 121 is provided for 
guiding the emergent rays of light which have ceen 
passed through the phase compensator 111 and 
the analyzer 112. A streak camera 122 receives the 
guided emergent rays of light from the buno e of 
optical fibers 121. The device 120 of FiG. 7, may 
include a light source (not'shown) such as a pulse 
light scurce, or a CW light source. 

As is apparent from FIG 7, the bundle of op- 
tical : ibers transfers the two-dimensional arrange- 
ment of the emergent rays of l-ght into a cne- 
cimensional arrangement as the emergent rays of 
light are applied to a iinear slit 123 of the streak 
comera 122. 

in tne vc'tage detecting device 120, afte* the 
phase compensator 111 is adjusted, as in the case 
cf the voltage detecting device 1 of FIG. 6. the 
parallel rays cf light are applied to the electro-: ptic 
material 2 by the pulse light source or CW 'ight 
source, and the rays ot ! ght that emerge fror: the 
- 'ectro-cctic material 2 and are passed througn the 
phase compensator 111 and the analyzer 112 are 
applied to the bundle of optical fibers 121. As 
described above, the bundle of optical fibers 1 21 is 
arranged cne-dimensicnaily (or in a line) at the slit 
123 of the streak camera 122. Therefore, the volt- 
age data of the two-dime nsionai parts of the cciect 
3. being arranged cne-oimensioraily. are detected 
-■- ith hioh time r esmut ; c r bv the <z*rrp^ ■-■r.^e' r. '22 


". the ac c -.e-desenrec emrc oar rents, only vci- 
taces prc.ia.d at two-d'mens mal aads cf an cb- 
.ect . -^der rest are defected , a^d aisdayed on the 
dismay ufat '16. On the other nana, it would Oe 
5 cor-.' men! r the ccerator if the w ring pattern of 
an .eject 3 uncer test (such as an integrated 
circuit) is detected, and voltages provided at two- 
dimensional carts of the object were displayed in 
com ti nation tth the wiring pattern -detected. 

?: FIG. 8 r an explanatory ciagram of a voltage 

detecting ce\ice that can display voltages at two- 
dimensional parts of an object in ccmbi nation with 
the wiring v • reof. In FIG. 8, carts corresponding 
functionally to these that have been already de- 

:e scribed with 'eference to FIG. 6 are designated by 
the same reference numerals. 

In the vcitage detecting device 30 of FIG. 8, in 
addition to 'he pulse light source 104, an observing 
light source 131 outputing a pulse light beam or 

20 CW light beam is provided tc observe the wiring 
pattern of tne object 3 under test. The light beam 
outputted by the observing light scurce 131 is 
different in wavelength from that outputted by the 
pulse light scurce; that is, the output light beam of 

25 the pulse 'ight source 104 is reflected by a dielec- 
tric multi-layer film mirror 132 formed on the bot- 
tom surface of the electro-optic material 2. The 
output light beam of the observing light source 131 
is transmitted through the dielectric multi-layer film 

30 mirror to the object 3. 

A desirec one of the light beams emitted from 
the light sources 104 and 131 is selected by switch 
133 under control of the computer 114. In the 
observation of the wiring pattern of the object 3, 

35 the switch 133 selects the light beam outputted by 
the observing light source 131 so that it is applied 
through the electro-optic material 2 to the object 3 
under test, r detection of voyages orovided at two- 
dimcnsiona parts (or points) of the object 3, the 

40 switch 133 selects the output light beam of the 
pulse light scurce 104 so that it is applied to the 
electro-optic material 2. 

The phase compensator 111 is controlled by 
the computer 114. More specifically, in observing 

-5 the .\iring pattern of the object 3, the phase com- 
pensator 111 is adjusted so that the analyzer 112 
transmits the emergent light beam having the same 
polarization component as that cf the polarizer 107. 
In detection of vcltages provided at two-dimen- 

50 sicnal parts cf the object 3, the phase compensator 
111 is ad usted so that the analyzer 112 transmits 
the -mercent 'ight beam whose polarization ccrn- 

ic r, r r-nn\r • ■ \r r >r that ^H^nz^r 107 
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Parallel rays of 'ight. to the surface of the object 3 
uncer test, and adjusts the chase c one. pens ate r 1 1 1 
so that the analyzer 112 transmits the emergent 
light beam having the same polarization component 
as that of the polarizer 107. 

As a result, the outout light beam of the ob- 
serving light source 131 is applied through the 
variable delay means 105. the enlarging optical 
system 106. the polarizer 107 and the beam splitter 
110. as parallel rays of light, to the electro-optic 
material 2. and through the dielectric multi-layer 
film mirror 132 to the surface of the object 3. 
Depending on the wiring pattern on the surface of 
the object 3 anc the material of the latter, some of 
the parallel rays of light are reflected and applied 
through the d ■eiectuc multi-layer film mirror 132. 
the electro-optic material 2. the beam splitter 110, 
the image-forming optical system 109 and the 
phase compensator 111, as emergent rays of light, 
to 'he analyzer 112. As described above, the phase 
compensator 111 is adjusted so that the analyzer 
112 transmits the emergent 'ight beam having the 
same polarization component as that of the odar- 
,zer 107. Therefore, the emergent rays of light 
applied to the analyzer 112 pass through the ana- 
lyzer 112 and are applied to the two-dimensional 
detector 113. such as a CCD camera. The emer- 
gent light beam applied to the detector 113 has the 
visible image data of the wiring pattern on the 
surface of the object 3. Therefore, the emergent 
'ight beam is subjected to photo-electric conversion 
m the detector 113, to provide the visible image 
data of the wiring pattern. The visible image data is 
stored in a memory (not shown) in the computer 
114. 

After the visible image data of the wiring pat- 
tern of the ooject 3 has been stored as described 
above, the computer 114 initializes the variable 
^elay means 105 and controls the switch 133 so 
that the output light beam of the pulse light source 
104 is applied, as parallel rays of ! ight, to the 
electrc-optic material 2. The computer 114 further 
controls the phase compensator 111 so that the 
analyzer 112 transmits emergent rays of light hav- 
ing a polarization component perpendicular to that 
of the poiarizer 107. Under this condition, voltages 
provided at two-dimensional parts of the object 3 
under test are detected simultaneously. In this op- 
eration, the output light beam of the pulse light 
source 104 is applied, as parallel rays of light, to 
the electro-optic material 2, The parallel rays of 
light are reflected by the dielectric multi-layer film 
mirror 132 and are changed in polarization with the 
variations is refractive index of the electro-optic 
material 2, thus being applied, as emergent rays of 
light, to the phase compensator 1 1 1 and the ana- 
lyzer 112. Only the emergent rays of light having 
the predetermined polarization component pass 


througn the ar.aiyzer 112 and are applied to the 
twe-dirr ensionai detector 113. In !he detector 113, 
the voltages of 'he two-c;mensicnal parts of the 
ooject 3 cetectc-c with tre timing set b/ the yan- 

i able delay means 1 05 are simultaneously cetectec 
by sampling. The results of voltage detection with 
one timing are supplied to the computer 114. 
where they are stored in the memory Then, the 
results of detection of the voltages at the two- 

• o dimensional parts of the object 3 under test are 
displayed on the display unit 116 being super- 
Dosed on the c-reviously-stored visible image data 
of the wiring pattern of the object 3. 

FiG 9(a) shews the results of the detection of 

tc voltages prcviaed at two-cimenstonai parts cr an 
object 3 at one sampling timing .vhich are dss* 
played on the display unit 116 in a manner super- 
posed on the wiring pattern of the object 3. More 
specifically, in FIG. 9(a). a two-dimensional voltage 

:c distribution as 'Seated at Gi. G2 and G3 is shown 
superposed on the wiring pattern WF of the object 
3. 

After the results of detection of the voltages 
made with one sampling timing are displayed m 

25 superposition on the wiring pattern, the computer 
1 14 controls the drive circuit 115 to dnve the 
variable delay means 105. so that the delay of the 
output light beam of the puise light source 104 is 
changed, and the sampling timing is somewhat 

30 changed. Under this condition, the voltage detect- 
ing operation and the display of the results of 
detection of voltages are carried out in the same 
manner. 

FIG. 9(b) shows the voltages of the twc-dimen- 
35 sional parts of the object 3 which are detected with 
a slightly shifted sampling timing which are dis- 
played by being superposed on the wiring pattern 
of the object 3. In other words, the voltage distribu- 
tions indicated at G1. G2 and G3 in FIG. 9(a) are 
40 changed to G1 G2 and G3 . respectively, >n FIG. 
9(b). 

As is apparent from FIGS. 9(a) and 9(b) with 
the vohage detecting device 30 of FIG. 8. the 
variation of the voltage cistributicn over the wiring 

J5 pattern of the object 3 can be visually detected by 
means of the display unit 116. In this manner, the 
results of detection of the voltages provided at two- 
dimensional parts of an object under test can be 
read with ease. 

so FIG. 10 is an explanatory diagram showing yet 

another embodiment of a voltage detecting device 
according to the present invention. In the voltage 
detecting device 1 of FIG. 10, an electro-optic 
material 2 is also fixedly positioned in such a 

55 manner that it is close to or tn contact with an 
object 3 under measurement. As in the other em- 
bodiments, the electro-optic material 2 is large 
enough to cover a plurality of two-dimensional 

10 
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mets cf the : c-c: 3. anc a ;eilectmg m:r:cr S of 
mctai or dieiecHc multi-layer : i!m s fcmea cn the 
i.cttom surface of the elecTc-cptic matenai 2. 

The voltage cetecting devce 1 compeses a 
pc'anzer 204. tor extracting a predetermined co- 
anzation corr-.'ient 'rem a ight team EM catted 
cy a !.ght scree (not snown), and a micro-lens 
-.r - ay 205 fcr dividing the light beam, which ras the 
polarization component otractec by the polarizer, 
nto a number of rays cf light EM,j arranged in 
matrix form (a checked pattern). A beam s pirter 
IC6 is pre vice J to appiy the number cf rays cf light 
EM,, tc the e 'e ctro-optic material 2 and to -c fleet a 
umber of emergent rays of light SG,j arrangec in 
■matrix torm hch are outputted from the e.ectro- 
cptic matenai 2 after being reflected from the re- 
jecting mirror 8 formed on the bottom surface of 
*ne electro-optic material 2. The emergent rays of 
iight SGij are transmitted toward an analyzer 207 
mat transmits enly the emergent rays cf fight SG Tj 
having a predetermined polarization component. A 
detector 209 receives the emergent rays of iight 
:hat pass through the analyzer 207 

The micro-!ens array 205 is made up of a 
plurality of first rod lenses 210 arranged in a first 
direction, and a p 'urality of second rod lenses 211 
arranged in a second direction perpendicular to the 
'irst dnection and laid over the first rod lenses 210 
such tnat a light beam applied thereto is divided 
nto rays of light arranged .n matri< form. 

The detector 2C9 comprises a two-dimensional 
photo-cetector such as a CCD camera, photo-diode 
array, or vicicon camera, or a high-speed response 
detector such as a streak camera. 

In the ve-tage detecting device 1 of FiG. 10, 
■ he electro-optic material 2 is : .arge enough to cev- 
er a p'urahty of two-dimensional parts of the object 
3 under test, so f hat the two-dimensional carls of 
■lie electrc-cptic material which corresponc in posi- 
tion to the two-dimensional parts of the object 3 are 
changed in pclarization by voltages provided at 
oorresoondinc two-dimensional parts of the object 
3. Acccrdirgiy. when the rays of light ar- 
■anged in matrix form and having the modeter- 
n nec oolarcation cempenent pass thret gh the 
carts of the eiectro-optic material 2, they are 
changed in polarization by the variations in refrac- 
♦ive index of the parts of the electro-optic material 
2 and are outputted, as emergent rays of iight, 
'rem the eiectro-optic material 2. The emergent 
r ays of light are applied to the analyzer 207 by 
— cans of the team splitter 206. In the case where 


;m.c are c:p: ea to the a-'— ;:r 209. in the 

■: xc ressic r- . \ .j i; the voltage p : . m,.c at any one 
:f the t at - ^ - al mat: x par t s :f the cbject 3 
;:er test. aca V. ; s the ^'-'.vau . tage. 

5 As is , a:c' t ; 'om 'he ate.:." esenption the 

ome r gent -a;, s c; "ght decond 'tensity on the 
. ariatiens n , etrac;;ve :nce» cf mc matrix parts of 
tr e elect: c - ["tic n ateriai 2 whie n ere caused by 
ire voltages rc . - :ed at the com c ceding matrix 

to carts of the bject 3. Therefore. . ■ -Mages prcviced 
at two-dimensional matrix carts :f ail the two-di- 
•rensicnai i arts acmts) of an '.meet under test 
:uch as an meg^ated c;rciit car oe detected si- 
.. ta.neci.'S . 

;s In the .: z-\ e-cc -scribed exam.: e- cf the voltage 

: electing cavice according to the present mven- 
'ioh, the mi'_:c-iens array 105 is I'sed to form a 
number of 'ays of tight EMjj arranged in matrix 
•orm, and trt rays of light thus ( .-.r- e d are applied 

20 to the electrc-cptic material 2 to c-stect the voltages 
provided at the ir.c -dimensional matnx parts cf the 
ocject. In seme instances, it is ccs rable that vol- 
'ages prevmed at predererminec two-dimensional 
carts of an c bject 3 under test be cetected. 

25 FIGS. 11. 12 and 13 are explanatory diagrams 

showing three additional embodiments of the volt- 
age detecting device according tc tne present in- 
vention whirh can cetect voltages provided at giv- 
en two-dim? r-sicra! parts of an or. :tct under mea- 

30 surement. in FiGS. 11,12 and 13, marts correspond- 
ing functionally to those which have been de- 
scribee with reference to FIG. 10 are designated by 
the same reference numerals or characters. 

in the vmtage detecting dev^ e 1 cf FIG. 11, a 

35 ciate-shaceo mask 212 s disposed between the 
micro-lens ar-ay 205 and the beam, splitter 206. the 
mask 212 nas a number of holes 213 arranged in 
matrix f crm Some of the h o!es 2-2 are closed to 
provide a jc tired iight beam pat r ri . ,vith the mask 

40 212, only cesireo rays of light are applied to the 
eiectro-optic material 2 to detect voltages at de- 
emed two-cm ensicnal pans of the h ect 3. 

In the .eitage cetecting dev me 20 of FIG. 12, 
: stead of ".e micro-lens amay 205. a holographic 

J5 ens 221 s c r-r. to focus the 'icrt beam on only 
oredetermir ed twc-dimensional parts u 0l jo), (h . jo), 
ric, ji) and ti- , ji) of the eiectro-cptic material 2. If, 
in this connection, the distance between the holo- 
graphic ie r ''S 221 and the eiectrc-c ptic material 2 is 

so increased, and the distances between the electro- 
cptic mate- al 2 and the beam spatter 206 and the 
oc rector 2 , " , G a^e decreased, then a satisfactory 
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HG4 ac: crying to its he ic gram r ecc r d. These r e- 
procucec 'mages HG1 through HG4 are apt: ned 
through the oeam splitter 206, as c cicent ray 2 of 
light, to predetermined two-dimensic rai part (ic, ;c ), 
'i*. ic). lie. i') and (ii , j«) of the eie ctro-optic ma- 
terial, respectively. The reproduced images, name- 
ly, rays of light HG* through HG* applied to these 
two-dimensicnal parts of the electro-optic materal 
2 are changed in polarization by the refractive 
mcexes of the two-dimensional part? of the eiectro- 
optic material 2 which are changed by voltages 
provided at the two-dimensional parts of the ct ect 

v_/ ii iui jw^t otivi niC. ^ 1 1 i 1 1 i ■ ^: r ^ i t d I (JUi Ji 

the e'ectrc -cptic materia! 2. The incident ra v s of 

in polarization, are outputted as eme-'oent rays SG< 
through SG^ from the eiectro-ODtic material 2. 
These emergent rays of light SGI through SG* are 
applied through an image-forming :ptical System 
222 and the analyzer 7 to the detector 2C9 by 
means of the team splitter 206. whereby the ,ol- 
taces at the two-dimensional part cf the object 3 
can be cetected. Ey changing the h:iogram record 
cf the hoicgrpahic lens 221. voltages at desired 
two-dimensional parts of the object 3 can be read- 
ily detected. 

In the voltage detecting device 230 of FIG. 13, 
instead of the micro-lens array 205 a spatial l.ght 
modulator 231 is used. 

The spatial optical modulator 231 is so des- 
ignated that when an input image IG is applied to 
its input surface 232, a light beam applied to its 
output surface is outputted, in a pattern corre- 
sponding to the input image IG, from the output 
surface 233. In other words, when a light beam BM 
having a predetermined polarization component, 
which has been extracted by a pc'arizer 234, is 
aoplied through a beam splitter 235 to the cutout 
surface 233 of the spatial light modulator 231, the 
light beam EM is reflected, in a cattern corre- 
sponding to the input image IG, from the spatial 
optical modulator 231. The light team thus re- 
flected is applied through the beam splitter 235 to 
the polarizer 204, where a predetermined polariza- 
tion component is extracted. The light beam thus 
treated is applied through a reducing optical sys- 
tem 236 and the beam splitter 206 to the electro- 
optic material 2. 

When, in the voltage detecting device 30 thus 
organized, an input image IG consisting of image 
parts IG' through IGe is applied to the input sur- 
face 232 of the spatial light modulator 231. then the 
light beam is reflected, in a pattern corresponding 
to the image parts IGi through IGs, from the output 
surface 233 of the spatial optical modulator 231, 
and applied, as incident rays of fight, to the cor- 
responding two-dimensional parts P- through P 5 of 
the electro-optic material. As described above, 


w^-:r the ^rt beam is aoccc tc the cc ; arzer 204, 
the preoe r mined polarization component is ex- 
trac*ec. T-c modert rays cf : ignt are changed in 
polarization by the refractive mdexes cf the two- 

e dimensional parts P- through P? by the variation in 
refractive r.dex of the two -dimensional parts P- 
through F; ^f the electro-optic material 2 which are 
caused by the voltages prevded at the two-dimen- 
sional parts P- through P; of the electro-optic 

w material 2. ana are then outputted as emergent 
rays of light from the electro-optic material 2. The 
emergent -ays of light from the electro-ootic ma- 
te* ^a! 2 are applied through the analyzer ^07 to the 
detector 2CS by means of the beam splitter 206, so 

- i-' uic . ic^co ai ii 'C n»u''jiiiig[ioitMci pci is 

*.he obiect 3 which correscond to the carts !G« 
through IG? cf the input image IG, respectively, can 
be cetectec. Since the pattern of the input image 
IG can be changed freely, vcitages at given two- 

cc dimensional t carts of the object 3 can be cetected. 

in the ac ove-desenbed additional embodiments 
of the voyage detecting device of the present in- 
vention, the incicent rays of ight can be applied to 
selected twc-dim,ensicr.al parts cf the eiectrc-optic 

25 material 2. and voltages prevded at the object 3 
can be detected simultaneously. 

Claims 

30 

1. A voltage detecting device for detecting vol- 
tages in an coject to be measured, comprising: 

an electro-cptic material to be disposed to cover a 
plurality of ocsiticns of the object to be measured, 
35 and having a refractive index which varies accord- 
ing to a voitage applied thereto; 
a light source for emitting a light beam through 
said electrc-optic material tcwaro the object to be 
measured: 

scanning means for scanning said light beam emit- 
ted by said light source over a plurality of parts on 
said electrc-optic material corresponding to said 
plurality of positions of the object to be measured; 
and 

-5 detecting means for receiving an emergent light 
beam which emerges from said electro-optic ma- 
terial to detect voltages at said plurality of positions 
of the object to be measured according to changes 
in polarization of said emergent light beam caused 

so by changes m said refractive index of said electro- 
optic material. 

2. A voltage detecting device according to 
claim 1, wherein said scanning means includes 
deflecting means for defecting said light beam 

55 emitted by said light source across said electro- 
optic material. 
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3. A . : 'age :etestmg • • . : c •. . ' : . • " rg to 
: 'a m * , - o :e;n t a id s earn eg r . a-.s eludes 
::tv!'c rrears : er -*mvr.g sac "t ct.v * to Le mea- 
s..;ec and ?a;a eleLfa-c otic r-:.:era. r a p.cality 
c* cimetiors. 

4. A v::*age ce'ectmg cevice -a.ccrding tc 
c:f.irn 1, /memin saic light beam a::: lied :o said 
e eotrr-ertic materia! is fecusec the r n . 

5. A v : ; *age ae'ecting cevice according to 
c aim 1 , '.vr erem saic detecting me ars is a high- 
speed resocrse detector. 

6 . A vc 'age detecting cevice- according to 
r am 5, wneic-n said nigh-spee-c re ^ i use cetector 
is a s!reak camera. 

7. A vc'tage detecting dev-ce fc .^c reeling vol- 
tages m an object tc be measured, cl ." prising- 

an eicctro-cptic material to be disposed to cover a 
plurality of two-cime ns ; enal positions of the object 
to be measured and having a refract ve index that 
vanes according to a voltage applied thereto; 
means for emitting a parallel light e am toward 
each of a plurality of twc-dimensional parts on said 
eiectio-optic materia! corresponding to said p-ural- 
ity of two-dimensional positions of the c eject; and 
detecting means for detecting changes in pclariza- 
tion of a emergent light beam emerging ^rom said 
plurality of two-dimensional portions of said electro- 
optic material 

8. A voltage detecting de vice as claimed in 
claim 7, wherein said emitting means includes a 
putse light source short in pu;se wcth and said 
detecting means is formed by a tw: -dimensional 
phcto-electnc conversion cetector for 
samp ( i no 'detecting c ranges ir voltage at said plu- 
talitv of twc-ci;rnensicna : positior of '^e object by 
shifting a timing of application of said got beam to 
said electro-optic material. 

9 A vc'tage de'echrg device as clamed in 
ciatm 7, in /vhich saia emitting means ig formed by 
one of a CW light source and a pulsed light source 
and said detecting means is formed by a high- 
sreec response detector, and furher comprising: 
a hurdle of optical fibers arranged tc convert a 
two-dimensicnai a r rangement cf rad emergent 
•gnt ream into a ene-dimer,sicr,ai arrangement 
thereof to guide said emergent light Learn into said 
high-speed response detector. 

10. A voltage detecting cevice as claimed in 
claim 9, in which said high-speed response detec- 
tor is a streak camera. 

11. A voltage detecting device as claimed in 
aim 7, further comprising: 


b0 


iiy ' * :.*.e-c.~-c-^SiCrai ccsiticns :f the cbiect tc oe 
meas.ucc and hav;-g a rc'ract.e ncex that va f es 
acL.-cmc tc a ventage acreed t h. e ; e- 1 c ; 
a p. se '■grt sclcco means 'or emitting a pu:se 
ich*. :„eam "a\ .ng a short pulse .vioth n cara 'el 
th'c .an saic eiectrc-oetic mater iai t award the eb- 
,ect 'c ee m.easerec, 

an Lser'.ing ight scurje mears ='c r em ttirg a light 
be a-r; cafe rent in a ave length hem said pulse light 
oeam through sain e lectro-cctic material to ware the 
object to be measured for observation cf a wiring 
pattern >n the object to be measured; 
switching means for selecting one of saic pu se 
i;gh* Learn and said ight beam to be applied to 
saic e iectrc-optic material; 

detecting mears ^nich receives an emergent light 
beam, which emerges from said electro-optic ma- 
teria' tor detecting voltages in the object to be 
measured based on changes in polarization of said 
emergent light beam caused by changes in said 
refractive inoex of said electro-optic material, and 
tor detecting the wiring pattern in the object to be 
measured; 

a chase compensator means for adjusting the 
phase of said emergent light beam to. a different 
phase between for detection of changes in po- 
larization of said emergent light beam and for ob- 
servation of the w:ring pattern; 

disc lay means for displaying the voltages at said 
plurality of two-dimensional positions of the object 
detected by said detecting means together with the 
wiring cattern in the cbject detected by said de- 
■ ectirg means, the former being superimposed on 
'he 'after and 

van able delay means for shifting emitting timing of 
saic P'U ; se iignt beam to said electro-optic material 
for sampling-measurement of changes in voltages 
at ra'd rajra'ity o f hvc-dimensier al ccsiticns of the 
object to be measured. 

" 3. A voltage cetecting device as claimed in 
claim 12, further ccmprising a dielectric multi-layer 
film mirror f crmed on the bottom surface of said 
eie-tro-e-pt c material for transmitting said .ight 
beam from said cbserving light source means and 
-eht-rang said pulse light beam from said pulse 
light source means. 

14. A voltage detecting device as claimed in 
ciaim 12, wherein said phase compensator means 
adjusts the phase of said emergent iight beam so 
as to apply said emergent light beam to said 
detecting means as it is when the wiring pattern is 
ots ■: r-.-eo. and tc extract said emergent iight beam 
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'5. A .-c'tage detecting device *cr detecting 
socages m an object to be measured, comprising: 
an e 'ectro-optic material disccsec to cover a plural- 
ity cf positions of ' r e object to be measured, anc 
having a refractive maex that vanes according to a 5 
voltage applied the-eto; 

light source means for emitting a light beam 
through said electrc -optic material toward the ob- 
ject to be measured: 

optica! means for dividing said light beam into a io 
plurality of incident rays of light arranged in a 
predetermined pattern, said plurality of .nadent 
r ays Ci light being applied to specific LCrtions cf 
said eiectro-optic material corresponding -o specific 

nrci'i^.rc ff » U c : ~ ^ i i i — _ - _ 

detecting means wrich receives an emergent Nght 
beam .vhich emerges from said eiectro-optic ma- 
terial for detecting voltages at said specific posi- 
tions of the object to be measured based on 
changes ;n polar; cation of said en itigynt light 20 
ceam caused by c ranges in sard refractive index 
of said electro-optic material. 

16. A voltage cetecting device as claimed ;n 
c:aim 15, in -vhich said optical means comprises a 
micro-'ens array for dividing said light beam into 25 
said plurality of incident rays of light arranged in a 
lattice pattern. 

17. A voltage detecting device as claimed m 
claim 15, in which .aid optica! means comprises a 
micrc-iens array and a plate-shaped mask dis- 30 
posed over said micro-lens array for dividing said 

light beam into said plurality of incident rays of 
light arranged in said predetermined pattern. 

18. A voitage detecting device as claimed in 
claim 15, :n which said optical means includes a 3* 
holographic lens fcr dividing said light beam into 

said plurality of incident rays of light arranged m 
said predetermined pattern. 

19. A voltage detecting device as claimed in 
claim 15, in which said optical means includes a 
spatial light modulator for dividing said :ight beam 
into said plurality cf incident rays of light arranged 
in said predetermined pattern corresponding to an 
input image thereof. 

20. A voltage detecting device as claimed in 
claim 15, in which said light source means is a 
pulse light source and said detecting means is a 
two-dimensional detector including photo detector 
array in which voltages at said specific positions of 
the object to be measured is detected by sampling. 

21. A voltage detecting device as claimed in 
claim 15, in which said light source is one of a 
pulse light source and a CW light source and said 
detecting means is a high-speed response detec- 
tor. 

22. A voltage detecting device as claimed in 
claim 21, in which said high-speed response detec- 
tor is a streak camera. 


40 


55 


14 


BNSDOCID: <EP.__. 0299432 A2._l_ > 


EP 0 299 432 A2 


FIG. 1 



EF 0 299 432 A2 


LIGHT 


POLARIZER 



FIG. 2 


53 
■4 


4 



DRIVE 

r mri i it 

l irlu \ t 


10 


DETECTOR 


13 


COMPUTER 


11 


DISPLAY 


12 


X 

< 
I 

>- 



(X 1( Yn,) 

(X n ,Y m ) 

(Xi.Y 2 ) ~ 

---^ JXn.Y 2 ) 

(X1.Y1) 

(XnYO 


X-AXIS 


BNSDOCID: < EP^ 0299432AT. I_ 


EP 0 299 432 A2 


LIGHT 


53 


FIG. U 


POLARIZER 


21 


22a 



\ 


20 


DRIVE 
CIRCUIT 


10 

4T 


DCTECTOR 


23 

0 


11 


COMPUTER 


12 


DISPLAY 


LIGHT 


POLARIZER 


7-, 


■53 


FIG. 5 


,10 


DETECTOR 


Y-AXIS 


T— f" 


2 ,8 


/ / / 


33 


11 


COMPUTER 


12 


DISPLAY 


31 


EP 0 299 432 A2 


FIG. 6 


.104 


.118 


{ TRIG 
| CKT 

3£R 


f 

DRIVE 

CKT 


LIGHT 


If 

VARIABLE 
DELAY 
MEANS 


,117 



DISPLAY 


FIG. 7 


111 


112 



± 
















BNSDOCID -EP__ 029^-3. CAL 1 I 


EF 0 299 432 A2 


FIG 8 


,104 


.131 


( 118 

DETECTOR 


LIGHT 


11Q 

-L" 


TRIGGER 
CKT 


129 


DRIVE CKT 


117 


LIGHT 


133 


SWITCH 


,105 


,115 


VARIABLE 
DELAY 
MEANS 


DRIVE 
CKT 



,109 111 112 


113 


D 


114 


COMPUTER 


DISPLAY 


116 


FIG 91 a ) 


,WF 


FIG 9(b) 

.WF 


EP 0 299 432 A2 



BNSPOCID:vEP CC99432A2 I 


EP 0 299 432 A2 



EP 0 299 432 A2 



EP 0 299 432 A2 


FIG. 13 



\ 


30 


3 


Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 


< r J Publicat cr, number: 


0 299 432 

A3 


<3> 


EUROPEAN PATENT APPLICATION 


(^) Application number: 88111142.1 
(§) Date of filing: 12.07.88 


© Priority: 13.07.87 JP 174534/87 
13.07.87 JP 174535/87 
13.07.87 JP 174536/87 

@ Date of publication of application: 

18.01.89 Bulletin 89/03 

(J) Designated Contracting States: 
DE GB 

@ Date ol deferred publication of the search report: 

06.06.90 Bulletin 90/23 


© int. ci.* G01R 15 07, G01R 31/28, 
G01R 1/067 


© Applicant: HAMAMATSU PHOTONICS K.K. 
1126-1 Ichino-cho Hamamatsu-shi 
Shizuoka-ken(JP) 

@ Inventor: Takahashi, Hironori c/o 
HAMAMATSU PHOTONICS 
Kabushiki Kaisha No. 1126-1, Ichino-cho 
Hamamatsu-shi Shizuoka(JP) 
Inventor: Aoshima, Shinichiro c/o 
HAMAMATSU PHOTONICS 
Kabushiki Kaisha No. 1126-1, Ichino-cho 
Hamamatsu-shi Shlzuoka(JP) 
Inventor: Tsuchiya, Yutaka c/o HAMAMATSU 
PHOTONICS 

Kabushiki Kaisha No. 1126-1, Ichino-cho 
Hamamatsu-shi Shizuoka(JP) 


© Representative: Patentanwalte Griinecker, 
Kinkeldey, Stockmair & Partner 
Maximiiianstrasse 58 
D-8000 Munchen 22(DE) 


<^J A voltage detecting device. 


© A voltage detecting device for detecting voltages 
in an object under test including an electro-optic 
material covering a plurality of parts of the object 
under test; the refractive index of the electro-optic 
material being variable according to an applied volt- 
age. A light source emits light through the electro- 
3°P tic material toward the object under test and a 
detecting device receives an emergent light beam 
^reflected from within the electro-optic material in 
^ order to detect voltages in the object. Further, a 
scanning device automatically scans the object un- 
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